BACKGROUND: Apolipoprotein E (ApoE) gene encodes an important protein in reforming injuries of central nervous system (CNS). It is assumed that various ApoE alleles may be functionally different. The purpose of this study was to investigate the distribution of ApoE genotypes in multiple sclerosis (MS) patients in a small cohort of Iranians.
ultiple sclerosis (MS) is the most common disorder of central nervous system (CNS) which exerts chronic inflammatory attack to CNS leading to demyelization and thus nerve degeneration in brain and spinal cord. MS is a heterogeneous disease causing multiple disturbances in a number of body functions. [1] [2] [3] It predominantly affects the young population aging 16-35 years. 4 In Asia, MS frequency varies from 3 to 5 cases in 100000 individuals. However, it has been reported as 25 to 30 cases in 100000 in Isfahan. 5 A large number of studies have investigated the relationship between MS and genomic factors. One of the gene regions that may be influenced in MS is chromosome 19 where Apolipoprotein E (ApoE) gene is located. [6] [7] [8] [9] [10] ApoE is one of the most important carriers of cholesterol and phospholipids in brain and nervous system. 11 ApoE gene is located on the long arm of chromosome 19 [12] [13] [14] Brain is an important producer of ApoE after liver. 7 Recent studies have shown that ApoE may have a role in regeneration of axons and myelin after injuries and lesions to central and peripheral nervous tissues. In vitro studies have recognized ApoE as a nerve growth factor. 9 In regard to the role of ApoE in brain repair, most studies have focused on its immunomodulatory effect. It is assumed that ApoE suppresses the release of cytokines which are responsible for development of chronic inflammatory process in progression of MS. These inflammatory processes are also important in pathogenesis of MS. 15 ApoE isoforms have been shown to act differently in modulation of inflammatory responses. According to a study by Michikawa et al., promotion of lipid efflux from cultured astrocytes and neurons depends on genotypic properties of ApoE alleles. 16 Many studies have shown that +E4 patients have a greater risk for developing CNS disabilities, 17, 18 earlier onset of the disease, more frequent relapses, 10 and poorer recovery following relapses 9 compared to -E4 patients. ApoE polymorphism is also an important risk factor in development and progression of Alzheimer's disease. 7 Although many investigators have studied the role of ApoE polymorphism in patients with MS, there are still some controversies. 7, 9 Some studies have suggested ApoE polymorphism as a risk factor for severity and progression of MS. 7, 9, 10 However, others could not find a relation between ApoE polymorphism and risk of MS progression or severity. 8, 14, 15, 19, 20 The aim of this study was to investigate the frequency of various ApoE alleles in patients with MS. The answer to this question may help us know whether ApoE alleles could be used as a screening factor for patients with MS.
Methods

Sample collection:
In this case-control study, whole blood samples were collected from 20 normal people and 20 patients (16 female and 4 male) from Isfahan, Iran whom their affliction with MS had been diagnosed by a consultant neurologist. Patients were selected by simple convenient method in a period of seven months. Eligible patients or their legally eligible companions were informed by one of the investigators about the whole study. Participation in the study was optional. Written informed consents were signed by all the included patients after the interview. Discontinuing participation in the study was permitted, without any fear of losing routine medical care. The study protocol was approved by Board of Human Studies, Isfahan University of Medical Sciences. The patients included in this study aged 20 to 40 (35.03 ± 8.2) years. and unrelated ethnically matched healthy blood donors with no history of MS or any other diseases related to the function of ApoE alleles (such as Alzheimer, atherosclerosis and stroke). Disability of patients was assessed using Kurtzke Expanded Disability Status Scale (EDSS). 7 Clinical data of patients (including the age of onset of disease, sex, EDSS and type of MS) and blood samples were collected by ZM with the assistance of a third party health care professional.
DNA extraction:
Peripheral blood was obtained during regular follow-up visits. Whole blood samples were collected in ethylenediaminetetraacetic acid (ED-TA) stained test tubes and the corpuscular fraction was frozen and stored at -20°C until the time of DNA extraction. Isolation of DNA from blood samples was performed by means of a standard DNA extraction kit (Roche, Germany). The extracted DNA was used as the template for polymerase chain reaction (PCR). 21
PCR:
The PCR mixture consisted of 200 ng of genomic DNA, 1X reaction buffer (Bio Ran), 10 pmol of each primer, including forward (5´-ACAGAATTCGCCCCGGCCTGGTACAC-3´) and reverse (5´-TAAGCTTGGCACGGCTGTCCAAGGAwww.mui.ac.ir 3´), 0.8 mM deoxyribonucleotide triphosphate (dNTP) (Boiron, Poland), 0.5 unit Taq DNA polymerase (Boiron, Poland), and 1.5 ml 1, 2-propandiol (to enhance the efficacy of PCR reaction) in a total volume of 25 µl.
PCR was performed (Bio-Rad thermal cycler, USA) for 35 cycles of denaturation at 94°C for 1 minute. Annealing temperature was set to 64.2°C for 2 minutes and extension temperature was 72°C for 3 minutes. A final extension step of 72°C for 5 minutes was also included. The PCR products were separated by 1% agarose gel electrophoresis and visualized by ethidium bromide staining.
Amplified DNA was then analyzed by restriction pattern of ApoE alleles. For this purpose, 8 ml of the PCR product was digested with 10 units HhaI enzyme (Fermentas, Poland) for 4 hours. The digested fragments were separated by electrophoresis on a 15% polyacrylamide gel at 100 volt for 3 hours. Finally, polymorphic patterns were visualized by ethidium bromide. 21, 22 Statistical analysis: The allele distribution in the control group versus the MS group was compared using Pearson's chi-square test. This statistical analysis was performed using SPSS11.0 (Chicago, USA) and the odds-ratio for difference in proportion, standard error and 95% confidence intervals were calculated.
Results
In this study, 20% of patients were men and 80% were women. Table 1 shows the frequency (percent) of different ApoE genotypes in normal controls versus clinical subtypes of MS.
The ApoE genotyping was determined from the band pattern of restriction fragments. Besides bands composed of only a few base pairs, the ApoE2 allele gave clearly visible fragments of 104 and 91 base pairs. In addition, ApoE3 fragments were of 91, 48 and 53 base pairs. Finally, ApoE4 gave 72, 48 and 53 base pair fragments (Figure 1) .
Percentages of patients with MS with E3/E3 and E3/E4 genotypes were 80% and 20%, respectively. In these patients, E2 allele did not exist. In the control group, the frequency of E3/E3, E3/E4, E3/E2, E2/E4, and E2/E2 genotypes were 65%, 15%, 10%, 5%, and 5%, respectively.
The results indicated that the frequency of E3 allele was greater than other alleles in both patients and controls. However, the ApoE genotype frequency distribution in MS population was not significantly different from the controls. Moreover, the frequency of E4 allele was similar in both groups.
The relapsing remitting (RR) patients showed lower degree of EDSS factor compared to secondary progressive (SP) patients, but this difference was not statistically significant. Figure 2 shows the relationship of patients' E3/E4 genotype and the type of MS (RR or SP). 
Discussion
MS is an inflammatory neurodegenerative disorder. Although the etiology of MS is not clear, MS pathology is suggested to affect genetically predisposed individuals. On the other hand, infection, injuries, diet, and stress may trigger the onset of this disease. Amongst various hypotheses put forward to explain the pathology of MS, involvement of immune system has been vastly documented. In this process, activation of T-cells outside the CNS and their migration into the brain parenchyma would lead to the synthesis of anti-myelin antibodies. It ultimately forms a site of inflammatory demyelination. 4 Many studies have investigated the correlation between MS and various genes, amongst which the role of HLA allele system in pathogenesis of MS has been documented. Other target genes such as ApoE are under investigation. 4 In an attempt to find a genetic marker to screen patients who are more susceptible to MS, ApoE alleles were investigated in the present study. Our results demonstrated that E3 allele was the most common isoform, in both the controls and patients with MS. Rall et al. also reported similar findings. 23 We found the frequency of +E4 allele to be identical in patients with MS and the control group. EDSS factor in the +E4 patients was not statistically different from the -E4 patients. This is in contrast with some published research showing a correlation between MS and ApoE polymorphism. 7, 9, 10 Although SP patients showed a higher degree of EDSS compared to the RR group, the difference was not statically significant ( Figure  2 ). Other investigators also have reported similar results. 8, 14, 15, 19 www.mui.ac.ir
In this study, the prevalence of MS was greater in women than in men (80% vs. 20%) which might be related to the effect of estrogen on cytokines production. 24 However, this hypothesis should be examined in future experiments.
Conclusion
We found no significant relationship between ApoE genotypes and MS. Therefore, it seems that E4 allele cannot be used for screening patients with MS in Iran. However, further studies with larger sample sizes are needed to fully confirm these findings. Moreover, quantification of ApoE mRNA by real-time PCR in cerebro spinal fluid and blood can be helpful in finding the relationship between ApoE and MS. Finally, as mentioned above, based on our findings, it seems that ApoE gene may not be useful for screening patients with MS but its contribution in severity or progression of MS needs to be studied in future studies.
